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A TEST OSCILLATOR FOR S-BAND 
MEASUREMENTS 


Witli tlie Type 13(>0-A Microwave 
Oscillator, the freqtiency niiige of 
(Jcncral Radio continuously tunable 
osi*iIlators is extended to 4 Gc. Although 
not its(df one of the Unit Instruments, 
it supplements this popular line of test 
<'C|uipment that provides the user with 
versiitility and quality at a reasonable 
price. 

Every (‘(Tort has Ix'en made to give 
this new oscillator, within the de.sign 
limitations dictated by tube choice and 
price, maximum usefulness as a driver 
for slotted lines, ius the local oscillator 
in a hetero<lyne d(‘tector, and as a 
g(‘nenil-purpose power source for meas- 
ununents on components and systems 
at microwave fRHjuencies. 

The fre(|uency range of the o.scillator 
is 1.7 to 4.1 Gc. Output power is UK) 
milliwatts or more over ino.st of the 
frc'(|uency range. Internal 1-kc square- 
wave mcjdulation is providc‘d, as is ahso 
a narrow-band sweep at lioth 1-kc and 
the power-line fn^quency. Modulation 


from external sources can bo fm, scpiare- 
wavc, or pulse. 

RF CIRCUIT 

The microwave oscillator in the Type 
13(K)-.\ is a Type o83(i Reflex Klystron 
in a coaxial (avity with a noncontacting 
tuning plunger. The frecjuency range is 
split in order to obtain a maximum range 
of interfen‘n(‘e-fr('e op(‘ration and. at. 
the same time, to pn)vide maximum 
output |X)wer. For the high(*r fr(‘quency 
range (2.(>-4.l Gc), the cavity length is 
wavelength and the klystron is 
oj^erating in its 2'j^ repeller mode. In the 
lower frequency ninge (1.7-2.8 Gc), the 
numlx‘rs are and \14 re.spectively. 
The range switching is controll(‘d auto¬ 
matically by the main fn'quency dial 
(center of panel, Figure 1), and, since 
the high(‘r fr(*(|uency range r(*(juires the 
long(‘.‘<t cavity, the lower fre(|uency range 
.starts at the top end of tin* higluT one. 
'rh(* two ranges are separated on th(‘ 
dial by different colored scales, and a 



Figure 1. Panel view of the Microwave Oscillotor. 
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pilot lamp indicates which scale is to be 
read. Tin* tuning; law of the rf*p<*ller is 
matcla^d to that of the cavity by a 
sjx'cially shapi‘d, high-n^solution |x>- 
tentiomcter, and the final adjustment 
is madi* by trimmer rheostats. In s^'ries 
with the reixdler ix)teutiometer is also a 
small rheostat for fine frpc|uency adjust¬ 
ment (AF knob), with a range of ajv 
proximately 1 Me. However, sinct* 
adjustment of this rhtKi.stat may st’ri- 
ously harm the tracking of ri'|)elk*r 
voltage and cavity tuning when the 
o.scillator is s(|uan‘-wave niiKlulated, the 
AF control is disabled under that 
condition. 

OUTPUT CIRCUIT 

The output control is at the lower 
right t)f the panel. The output |x>wer is 
a function of frequency, as .shown in 
Figure 2, and is more than 1(X) milli¬ 
watts over most of the fr(M|uency ninge. 
At th(‘ ver>^ low-fre(|uency end of the 
rang!*, it may \i 0 a.s low as 20 milliwatts, 
which corn'sjx)nds to 1 v into a 50-ohm 
load. .\t the up|M*rend of each fn*(juency 
range, it is |>os.sible to overload the 
klystron o.scillator, and an output moni¬ 
tor is providi^l to warn agaiii.st this 
condition. The monitor enables the u.si*r 
to extmet the maximum output |K)wer 
at any st'tting of the fri*<|uency dial. 
The output power is controlled by a 
retnu’tabli* pick-up l(K)p in the oscil¬ 
lator cavity. The dial plate on the 



Figur* 7. Typical voriotion in output with 
froquency. 


attenuator (pick-up loop) knob is cali- 
brated in arbitrary units (maximum 
coupling is 1(K)), but the divisions arc 
equivalent to dts'iltels except in the non¬ 
linear range of tin* attenuator where the 
output power is greatest. The area where 
over-<‘oupling is po.s.sible at .some fre- 
c|uencics, even with a 5()-ohm load, is 
indi(*ated on the attenuator dial by the 
legend w.\T(H oitpitt monitor. The 
output monitor is fed from a diiX‘ctional 
coupler in such a manner that it is quite 
in.sen.sitive to loiul (‘haiigf\s. A variable 
nrsistor in series with the meter ser\'es 
as a sensitivity control. 

The output coiuKM'tor is a 50-ohm 
Tvpk S74 liocking ('onnector which will 
{XTiuit a .semipermanent attachment of a 
cable or an adaptor to some other ty|x» 
of coaxial coiu»*ctor. 


MODULATION 

Since the mo.st-u.s<*d ty|)e of operation 
(other than CU’) for a test oscillator at 
th(‘.se frequencies i.s 1-kc s(|uare-wave 
iiKKlulation, this i.s provided internally. 
To facilitate matching the freijuency to 
the filter in the detector .system, a .screw¬ 
driver adjustment on the fr(»nt panel can 
vary the moilulation fns|uency ap¬ 
proximately dtb%. In the STANDBY 
|)o.sition of the iiBMlulation .switch, U*- 
tween the rw and l-Kc .s(|uare-wave 
positions, the rf energ\' is shut off. 

Narrow-band, linear sweep is provitlc‘d 
at power-line fretpKUicy and 1 kc. This 
can l>e u.sed for checking receivers and 
other narrow-band device.s, and i.s also 
ver>’ iLseful for realigning the klystron 
o.scillator after a change of klystron 
tube. When the kly.stron is l)eing swept 
internally, os<*illo.scoiK' .synchronization 
can beobtaiiK'd through negative trigger 
pulses from tht» o.scillator. 

Scpiare waves for modulation at other 
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^ frrc|iiencies can he applied by an ex¬ 
ternal source. Reconunended .sources are 
the Type 1210-C I’nit HC Oscillator and 
the Type 121 7-H Unit Pul.se Oenerator. 
The latter is also recommended for pulse 
modulation. For external frequency 
modulation, the modulating .signal is 
appli(*d acro.s.s a s(*rie.s resistor in the 
rejx'ller lead. 

The three block diagrams in Figure 3 


illustrate how modulation is accom- 
pli.shed, and it .should be noted that 
different methods are used for pulse 
modulation and .square-wave modula¬ 
tion. For pulse modulation (Figure 3b), 
the klystron beam current is interrupted 
by application of a negative voltage to 
the normally positive bia.sed grid. Dur¬ 
ing the first couple of hundreds of milli- 
sc'conds after the current is turned on 
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Figure 3b. Schematic for 
pulse modulation and 
standby operation. 


Figure 3a. Schematic for 
CW, sweep, and fre¬ 
quency modulation. 
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Figure 3c. Schematic for 
squore>wave modulo* 
lion. 




f 


f 


again, the fre(|uency may .shift by a.s 
much as a megacycle. For .short pulses, 
the frec|uency .shift dex^s not amount to 
very much, and, since the grid is the 
pul.sing member that giv^e.s the best rise 
time, it is used for pul.se modulation. 
For .square waves, however, where the 
on-period may la.st for a longer time, 
the frequency .shift may lie unde.sirable, 
and it was found advantageous to re- 
peller-modulate the kly.^^tron. The tul>c 


is tracked outside and parallel to the 
mode pattern and pulsi*d into the mode. 
AdmitUnlly, a frequency (‘hange do(*s 
take place at the edges of the pulse, but 
the time is .short compart'd to the period 
of the most commonly list'd .square-wave 
modulation. If the us(}r .so de.rires, how¬ 
ever, short pul.ses can lx» applied to the ^ 
repeller, or s(|uarc waves to the grid, 
after readjustments of the .symmetry’’ 
control in.side the instniment. 
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Tho intoriml nairow-lmnd swoop at 
liiio-frofiuoiicy or l-kc ratos is pniducod 
hy applioatioii of an intornally Konoratod 
siiw1<M)t.h voltago to tho ropfdler. Owing 
to thi* inhoront ohamotoristics of the 
klystron, the swoop is practioully linoar 
in fitHpioncy. 

External modulation voltage for fm 
is applied to tlu^ iv])oller through a 
0.0t7-Mf eapaoitor. 'Fhe input impedance 
is KKJ kilohms shunted with 70 pf. 

POWER SUPPLIES 

lioth the cathode and ret)ell<‘r of the 
klystron are fed from well-regulat(‘d 
supplies. 1'he repell(*r heater is fed from 
a do supply, which, like* the power supply 
for the modulator circuit, is unregulated 
but adequately filtonHl. The bias voltage 
for the klystron grid is taken from a 
Zener diode in oilier to make the voltage 
constant and indetK*ndent of the grid 
current, which varies considerably from 
tulx* to tulxj. 

MECHANICAL FEATURES 

Tlie Type I3b0-A i.s imekaged in a 
7-inch relay-mck cabinet and can he 


oiitained either with end frames for 
l)ench use or with support fittings for 
rack mount. Eigure \ shows the instru- 
m(‘nt with the cabinet removed. Almost 
all the electronic coini>onents are 
mounted on etehi‘d lioards wliieh are 
easily accessible from l>oth sides. Tulie 
replae(*ments, including the klystron, do 
not reijuire any t<K)ls, and pn‘cautions 
have iK'cn tak(*n to prc'vent s(*rvi(‘e p(*r- 
sonnel from accidentally touching high- 
voltage terminals. 

The noncontacting tuning plungcT is 
supported by a carriage with long-life 
reinforccKl Teflon lx*aring.s, and the rack 
and pinion drives for the tuning plunger 
and attenuator require a minimum of 
lubrication. 

—Per a. Berg8t.\d 
CREDITS 

The Type Microwave Osrillator was 

developed by Per .\. Herjestad, author of the 
fore^ioiiii! dm-rir^tive article. William (1. 
(VK»iK*r, Eduard Knrphks, Charles S. Kennedy, 
IJonwliot O’Brien and Robert A. Soderimin 
have all euntribute<l to the final design. (leorKC 

Clemow was resqajn.sitile for the niwhanii»aJ 
design. 

. — Enn-oii 


SPECIFICATIONS 


FREQUENCY 

Rong*: 1.7 lo 4.1 Gc in two ranges, 1.7 to 2.8 (Ic 
and 2.fi to 4.1 Gc. 

Fin* Fr*qu*ncy Control (AF): Order of 1 Me, liUt 
nut functioning for sqiiarc-wav'c mtxlulation. 
Accuracy: dtl%. 

Siobility: Wttrm-up drift is approximately 
0 . 15^0 during the first hour, total drift ii|>- 
jiroximately 0.25%. .Mter warm-up, froqueney 
i.s stable witliiu approximat<4y 5 ppm. 

R*tidwol FM: Approximately 0.5 ppm in the 
lower fretpieney range and 0.2 ppm in the higher. 
Dominant freqiieneics are liO and 120 ep.s (with 
60-cyelo line frc<|ueney). 

OUTPUT POWER 

Tyi)u*ally more than UK) mw almve 2 Ge. 
Total variation in maximum output with friv 
queiicy is 20 to approximately 300 mw. 
Attonuotor: Rohitivc eulibrutlon only. 


INTERNAL MODULATION 

Narrow-Bond Swoop: 1 to 3 Me maximum at 1 
kc and jH>wer-line frequency. Negative trigger 
pulse supplicMi. 

Squar*-Wav*: 1 kc, adjustable approximately 

EXTERNAL MODULATION 

FM: Sensitivity approximately 0.2 Me ner volt, 
input imiM*dan<*e, 4(K) kilohms and 70 pf 
(or only). 

Squoro-Wove: 50 r|)8 to 200 kc, Ti-v (tins) sine 
wave or 20-v (pt»nK-lo-|K*ak) square wave; 20* o 
minimum duty ryele from external smirec. 
Input imiMidaiiee greater than 100 kilohms. 
Pul**: Rise and fall times approxim:itely 0.2 
minimum length approximately 0.5 a*<‘*e, 

I ’itter m.ay be 0.2 Input impedance 100 

:ilnhms; driving-pul.se anifilitude, 20 v (peak- 
to-peak); maximum duty cycle 20'%. 
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SPECIFICATIONS (Conf.) 


GENERAL 

T«rfninal»: TIF output, Type 874 IxK'king Con- 
ncM'tor. MfMliiliition, hinding |)OHt8. 

Moiinting: IkMirh or Fflay ruck. 

Pow*r Input: 105 to 125 (or 210 to 250) volta, 
50 to 00 I'lw, 85 wntt8. Instrument will operate 
satisfaeturily (except for line-frtMpiency sweep) 
at power-line friHpiencieH up to 400 c. * 

Tub* Compl*m«nt: Two each 0107 and 12AT7, 

Ttfpe _ 

1360-AM j Microwave Oscillotor, Bench Mount 

1360-AR I Microwave Oscillator, Rock Mount 

V.H. Potent No. 2.548.457 


one each 0AN8. 6AV50A, 12AX7, 12BII7A, 
5051, 5830 (Ueflex Klystron), 5005. 

Accessories Supplied: TypE 874-R22 Patch 
C^ird, Type H7I-(’58 Cable (’onnwtor. Type 
CAP-22 Power Coni, and spare fuses. 

Dimensions: Width 10, height 7J/t2, depth 15*<i 
inches (485 by 195 bv 395 mm), over-all; panel, 
19 by 7 inches (485 liy 180 mm). 

Net Weight: 38 pounds (17.5 kg). 

CotJr Wonl Price 

.. . I BPRI.Y $1100.00 

. I BA8HO 1100.00 


MORE AND BETTER PULSES 
FROM THE UNIT PULSE GENERATOR 


The Type 121 7-A Unit Pul.ser* was, 
like its eoinpanion instniments in the 
unit line, desij^ned for nuixinuiin utility, 
minimum eomple.xity, and low co.'it. 'The 
thousands of these compact, high p<*r- 
formaiice devices that arc* now in use 
have shown thiit the design was indwd 

*R. W. Frank. in a Small Pnrkax« — A Pulwp 

(•monitor for the I'nit Line,'* Gmarni /{tuiia Ejet*eri-> 
mrntrr, iM. 10. Marrli. 1054. 


a sucw.ssful blend of these often con¬ 
flicting factors. Time has made* available 
new circuits and components, and ex¬ 
perience has shown where improvements ^ 
would Ik* iKdh de.sirabic and practical. 

In the rede.sign the goals set were simple: 
to make every po.<5.sible improvement 
compatible with the two conditions of 
no inei*ea.se in price and no increase in 
pc^wer .supply requirements. 



Figure 1. Panel view of the Unit PuUe Generator. 
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TABLE I 

Comparison of Major Characteristics of the Types 1217-A and 1217-B 


Characteristic 

I2I7.A 

1217-B 

Pulse Rise Time 

<50 nsec 

<20 nsec (50 ohms) 

Pulse Fall Time 

< t 50 nsec 

<10 nsec (50 ohms) 

Pulse Duration 

Continuous 150 nsec — 60 msec 

Continuous 100 nsec — 1 sec 

PRF (Internal) 

Steps 30 cps — 100 kc 

Continuous 2.5 cps to 500 kc 

PRF (External) 

Locked 30 cps — 100 kc 

Continuous dc to 1 Me 

Pulse Amplitude 

(l-kilohm output impedonce) 

rb20 V Into 1 kilohm 

;^40 V into 1 kilohm 

Input Sensitivity 

30 V at too kc 

0.3 V at 1 Me 

Accuracy PRF and Duration 

±15% 

±5% 

Deloyed Pulse 

Non, 

To trigger o second generator 


Siiniliirity l>otwe(?n the new Type 
rilT-B Unit Pulse Generator and its 
f)opular pmleeessor gw»s little fjirlher 
than the four digits of its type nuinlH»r. 
Significant changes have Ihm'ii made in 
all |K‘rfonnanco specifications. The most 
important i>anuneters are listed for 
compari.son in Table I. It can lx* seen 
that, in every instance, the |x»rformance 
figures are increased by at least 2:1 and 
i»ften i)y more than 10:1. 

'This |K*rformance is achieved in two 
ways: 

(1) d’he Type 121 7-B uses lx*! ter devices; 
Ix'ing neither wholly “transistoriw*d’’ nor 
wholly “vacuum fube-izt**!’* it takes full 
advantage of the Ix^t proj)ertie.s of Ixith 
modern transistors and vacuum tulx's. 

(2) The 'Fype 1217-H has completely un¬ 
conventional circuitry for all functions — 
every com|X)nent works full time. In 
fact, through a series arrangement of 


timing and output circuits, the 55-ma 
input current from the powt*r supply is 
used to provide 10 ma of useful load 
current. 

The new de.sign has other new features, 
not clearly shown in 'Fable 1, which can 
be Ijetter appreciaUxl after .some of the 
new circuit chameteristics art' more <*om- 
pletely explaincil. Thesis will lx* discMissed 
in the section on applications, below, 
after the circuits have Imh'U explaiiKxl 
in some detail. 

CIRCUITS. 

Block Diagram 

Figiu*e 2 is a block diagnim of the 
circuit. In block form things hxik quite 
conventional. 'Fh(» input circuits consi.st 
of a Schmitt triggc*r circuit driven by an 
amplifier connected to the input ter¬ 
minals so that the pulse generator will 
be started by a triggering pulse once 
pi*r cycle of any inf)ut waveform at any 
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fr(M]iif*ncy from dc to over oi»c rncgaryole 
por socoiul. Omvontional—yes, tnit 
every iietive pari of this iiipot-trigi^eriiii^ 
circuit is eonverlod to a stable /I’C-con- 
troll(‘d oscillator when internally pn^- 
duced pulse repetition frecjiieney (pi^f) is 
desired. 'I'his oscillator will produce any 
desired n’currence freciuency between 
2.5 cps and 500 kc. 

The Irijijger pidse from these input 
circuits: (1) operates a sync-pul.se- 
protlucing .stage to form both positive 
and lugative prf*-triggers, and (2) starts 
the pul.'^'-generating and timing circuits. 

A tran.sistor-bistable circuit, .set by 
the trigger from the input circuit, 
simultaneously operates the pulse out¬ 
put stage and the pulse-timing circuit. 
The output stages, |)roducing lK)th 
po.sitive and negative pulses, are a pair 
of power p«*ntodes acting as 40-ma 
current sources. The timing circuits 
are comprised of a switch tube, a high- 
»|x*ed clamp and a Schmitt trigger. 
Wlien th(» tran.sistor bistable switches, 
starting the pulse, the timing switch is 
turned off. A preci.sion capacitor is 
charged to the point where the Schmitt 
trigger f)perate.s, producing a trig¬ 

ger for the bistable control circuit, 
thereby tt'rminating the pulse. 


The 40-ma current-source output 
pentodes are directly connected to the 
output terminals through a 1-kilohm 
amplitude control.'* Forty-volt positive 
and negative pulses are thereby pro- 
duc4*d at full amplitude. Since the con¬ 
nection to the output terminals is 
direct, the d<* component of the puls<\s 
is pre.sent. and ramp-off cannot occur, 
no matter how great the pulse duration. 

Input Circuits 

Figure 3 is a .simplified schematic 
diagram of the input circuits and prf 
oscillator. The switching for the circuit 
is shown hc*re in pro]X‘r position for the 
aperiodic-input-circuit connection. 

In this connection V\ amplifies th(‘ 
input signal, and the voltage divider R\ 
and variable resistor apply the 
am[)lified input .signal to the Schmitt 
circuit, Fs. /^ 2 in this application permits 
an adju.stuKMit of the dc component of 
the input .signal either to optimize the 
triggering stm.sitivity or to adjust the 
pha.se of the output pulse with respect 
to the input signal over a limited range. 

When the prf selector switch is thrown 
to any one of its other twelve po.sitions 

*This output cimiit rontiKiirafion i» idonlical to that of 
tin* OtTnernI Undio Type l.'Wl-B Pulse, Sweep, and Time- 
Delay (!f*nerator. 


4 





Figure 3. Elementary schematic of the input circuits. 
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the input circuit is converted to iin 
os<’illator. This oscillator configuration 
is olUaiiicd when t he switches of Figure 3 
are thrown to the “0’^ position. Note 
that tlie Sehinitt-cir(!uit structure is not 
disturU'd—except that the i)lute voltage 
of the left4uind side is directly coupled 
to the left-hand grid of Fj by V\ which 
hiis l)een converted by the switch into a 
curn*nt s*^)urce translating device.* Under 
ideal conditions nearly the full plate 
swing of would ap|K*ar at the grid. 
Ri, Ri and C\ form a delay circuit so tbit 
Cl must charge to a voltage equivalent 
to the circuit hysten».sis lH*fore Fi.i can 
switch to it.8 other stable state, where¬ 
upon Cl must dis<'harge by the circuit 
hysteresis l)efon* switching again takes 
place. Th(»refore, an oscillator is jmKluced 
whose natural frequency is determined 
by: the circuit hy.stere.sis, the re.sistors 
/f j and 7^3, and the capacitor Ci. 

The fre(|uency stability of this o.scil- 
lator is dependent (»nly on the RC 
product, and upon the stability of the 
hysterc'sis of the Schmitt circuit. Pre¬ 
cision compoiamts are used to .set the 
triggering voltages {Ru Rb) and the 
effects of tube charactiuistic changes 


•U. \V. Fnink ami II. T. Mc.M«?rr. *‘A FrrMUpney Qountrr 
with a Mrniory and with Tluili-ln Ki'liabitity.” Cca^rni 
HtuHa 3A. 5. May. IWtl, p. 10. 


are rninimiztsi by the current feedback 
pniduced by the large cathmle re.sistor, 
7f*. This form of oscillator is inherently 
stable. Figure 4 shows the warm-up 
chamcteristic. After 15 minutes, the fri*- 
quency is within 0.1% of its final value 
and will remain within 0.1% for several 
hours, under labonitory conditions. 

Pulse-Timing Circuits 

The pulsc'-timing circuits an» shown 
in Figure 5. Upon the receipt of a trigger 
from the input circuits, goes olT, 
turning Vi off, starting the output 
positive pul.se. (At the .same time Qt 
goe.s on, turning Vi on, .starting the 
negative pulse.) Qi going olT also turns 
TT off luid Cs starts to charge through 
R\, The resulting positive-going ex¬ 
ponential risers from a level si»t by the 
clamping dicKle, Di, to tin; }X)t4*ntial 
at which the Schmitt trigger (V%) 
.switches. The tran.sition of the trigger 
circuit turns Qj off, Q\ on, stopiiing the 
pulses, turning Uj back on to discharge 
Ci, and the proce.ss stops, until a new 
trigger is recoiv'ed from the input circuit. 

This circuit stnicture meets practi¬ 
cally all the conditions for the production 
of an accurate and stalile time interval: 

(1) The timing elements form an 
integrating circuit. (B<?st for low jitter.) 

(2) The timing is dependent only on 
an RC circuit and an easily controlled 
amplitude comparator. 

(3) The timing capacitor is dir(‘ctly 
di.scharged through the timing .switch 
leailing to a very short recovery time— 
hence, maximum duration-control accu¬ 
racy even at high diity-mtios. 

A study of the simplified schematic of 
this duration-c<introl circuit .sluiws that 
the initial voltage from which C? lM*gins 
its charge to determine the puls<* diira- 
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tion is set by the cathode current of the 
amplitude-comparator Schmitt in 11%. 
Any variations in this current will affect 
both the initial and final voltage values. 
Again, a.s in the input circuits, this 
(‘omparator is stabilized by heavy cur¬ 
rent feedback and the triggering voltage 
is determined by precision resistors. 

Output Circuits 

Figure 5 also shows the output cir¬ 
cuits. Before a start trigger pul.se is 
received from the input circuits Q\ is on 
and Qt off. W is therefore conducting at 
(nearly) zero-bia.s and W is off. When a 
triggcT pul.se is received Q 2 goes on bring¬ 
ing on. Vs and W are a pair of power 
p('ntodes which pu.s.s 40 ma when on at 
z(To-bias. The interruption of plate 
current in Vs produces a 40-volt positive 
pulse in it.s load re.sistor. Simultaneously 
V% turning on produces a 40-volt nega¬ 
tive pul.s(i acro.ss its load re.sistor. The 
extreme sjjced of Q\ and Q 2 in the tran¬ 
sistor flii)-flop switches the.se plate cur¬ 
rents on and off very rapidly. A typical 
positive current tninsition is of the 
order of 15 nanost>conds, while the 


negative trarusitions are typically 8 n.sec. 
(See P'igure 6.) 

The very rapid current transitions are 
applied to the 1-kilohm output potenti¬ 
ometers and an internal stray-capacitance 
of approximately 30 pf. With no external 
loading the rise time of voltage is ap¬ 
proximately 1)0 n.sec. Extenial capaci¬ 
tance will increase this rise time by 



0 .12’^ls«c pulse in 1* 
nsec rise time sompling 
system; 20 nsec/cm. 


Positive transition, 
10 nsec/cm 


Negative transition, 
10 nsec/cm 


Figure 6. Oscillogram showing typical output 
transitions in a 50>ohm system. 
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0.4 volt, peok'to'pealc, 
into 10 ohms; 

0.1 ^s«c/cm 


4 volts, peolc-to'peolc, 
into 100 ohms, 

0.1 ^isec/cm 


40 volts, peok-to-peok, 
into 1 kiiohm, 

0.1 /i sec/cm 


Figure 7. Open.circuit rise^ond fall-linie oscillo¬ 
grams; 'scope has 12-pf probe. 



2-volt, O.S'/isec pulse; 
50-oh*n termination; 

0.1 /isec per division 


B 

2-voit, S-A^sec pulse; 
50-ohm terminotion 


C 

As in (B), but with 
open-circuit termi¬ 
notion, 40-volt pulse 


Figure 8. 

2-volt pulses into 50 ohms. 


approximately 2 nsec/pf. With this out¬ 
put cireuit form, no overshoot will ever 
lx* ohstTved, and the rise and fall of 
output voltage is purely exponential 
(sc»e Figure 7 where the output pulse is 
.shown as pre.sented on a Tektronix 543 
os(!ilJo.seope with 12-pf prol>e). 

When the ultimate current rise times 
are to l>e utiliz<‘d it is necessary to 
terminate the puls<* generator in an 
impedance appropriate to the coaxial 
cable (50 or 93 ohms) to he u.sed. Fast 
2-v'olt pulses in a 50-ohm system are 
shown in Figure 8. 

APPLICATIONS 

The extremel}^ wide ranges of pulse 
duration and pi*f produced by this pulse 
generator lit it for almost any applica¬ 
tion ill which a pulse is needed. There 
are so many applications tliat it is 
difficult to select a sample group to l>e 
included here. The new model has 
demonstrated it.sc»lf to be far more usi*ful 
than its firedecessor because: 

(1) Its duration control, being more 
accurately calibrated, can l>e usc»d for 
quantitative measurement of maximum 
and minimum durations, for example, 
over which a flip-flop will function. The 


pulse duration can be established with¬ 
out the ne(*d to read an oscillosco|jc. 

(2) Since the amplitude control varies 
output imp<»dance, the instrument can 
be set to produce a correct driving-point 
impedance for any pas.sive pulse net¬ 
work. 

(3) Its linear current-source output 
sy.stem produces a clean pulse of easily 
adju.stable and equal rise-fall time. 

(4) Since the prf can be continuously 
varied it is p<issible, foe e.xample, to 
e.stablish the re.solution failure point of 
a flip-flop precis<4y. 

(5) The aperiodic synchronizing circuit 
for external control of the prf makes it 
po.ssible to drive the instrunuMit from an 
RC or lK‘at oscillator over the full range 
of that oscillator with no control adju.st- 
nieiits on the pul.st* generator. 1''herefore, 
the prf accuracy and stjibility is that of 
the driving oscillator. It is also possible 
to produce p\d.sc‘s with a random fre¬ 
quency distribution. 

(()) The stability of the internal prf 
oscillator makes it po.s.sible to use the 
Type 121 7-B in .systems as a precise 
frequency divider of high ratio (Figure 
9, A and B). 
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A 

9:1 division of 1-Mc input 
sino wove 1 /^oc/cm; 
prf -111.1 kc 


B 

20:1 division of 1*Mc 
input sino wove 


C 

Complex pulse from 
two generotors 
in porollel 

Figure 9. 

(7) The presence of a threshold control 
for the external synchronizing circuit 
makes it easily possible to produce single 
pulses. A 1.5-volt c<*ll and Micro Switch 
can also be used to produce single pulses 
from a hand-held trigger generator. 

(8) The linear, dc coupled output 



permits paralleling to provide complex ^ 
output pulses with no external adding 
networks, as shown in Figure 9C. 

Beyond the general increases in ap¬ 
plicability obtained through the design 
improvements listed above, experience 
has shown that the Type 1217-B is a 
useful source for measurements on 
transistor systems. It can operate satu¬ 
rated transistor switches, both npn and 
pnp^ without coupling networks. Since 
the pulse generator is direct-<’Oupled, the 
solid-state sw itches can be operated over 
its full duration-range. Figure 10 shows 
the connections for driving a pnp 
transistor switch. The low output im¬ 
pedance of the Type 121 7-B is normally 
sufficient for hold-back during the puLse 
off-time. Figure 11 shows the direct con¬ 
nection for switching npn transistors. 

— R. W. Frank 




Figure 10. Control of pnp trantitlor switch. 


Figure 11. Control of npn transistor switch. 
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(b) 


SPECIFICATIONS 


PULSE REPETITION FREQUENCY 

Internolly Generated: 2.5 C*ps to 500 kc with 
calibrate Itoints in a 1-3 sequence fmm 10 cps 
to 300 kc, and 500 kc, all ±5%. Continuous 
coverage of the range from 2.5 eps to 500 kc 
with an uncalibrated control lowering the fre¬ 
quency of the calibrated pointe. 

Externally Controlled: Aperiodic, dc to 1 Me with 
1-v rms input (0.5 v at 500 kc and lower); input 
inuKJtlance, at 0.5 v rms, approximately 100 
kilohma shunted by 50 pf. 


OUTPUT PULSE CHARACTERISTICS 

Duration: 100 nstH.* to 1 se<‘ in seven decade 
ranges, dc5% of re.ading, or ±2% of full scale 
or =t 25 nsec, whhdiever is greater. 

Rise Time: 

a. Into terminated 50- or 100-ohm cables all 
transitions will have rise times less than 20 
nanoseconds (typically 12 nsec). 

b. On high-voltage output (40 v at 1 kilohm) 
rise time will be limited by load capacitance. 
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SPECIFICATIONS (Conf.) 


Rise and fall times typically (K) nse<* 4- 2 
n8e<’ j)f external load capacitance. 

Voltoge: Positive and negative 40-ma ciirrent 
pulses available simultaneously. DC coupled, 
with dc component negative with nispect to 
ground. -K) volts peak into 1-kilohm internal 
load impedance for l>oth negative and poaitiv’e 
pulses. Output control marked in approximate 
output impedance. 

Overshoot: Overshoots and noise in pulse, less 
than 5% of amplitude with correct termination. 

Ramjhoff: less than 1% everywhere. 

Synchronizing PuUoi: 

Pre-puUe: Positive and negative 10-volt 
puLscs of 150-nsec duration. If positive sync 
terminal is shorted, negative pul.«»e can Im? in- 
creaseij to 50 v. Sync-fnilse source impedance: 
positive — approx 300 ohms 
negative — approx 1 kilohm 

Delayed Syne Pol*e; The delayed sync pulse 
consists of a negative-going transition of ap¬ 
proximately 5 volts and 100-ns(^c duration 
coincident with the late edge of the main pulse. 
The duration control reads the time between 
the pre-pulse and the delayed sync pulse. The 
delaved sync-piilsc negative tran.sitton is im- 
me<liately followe<i by a positive transition of 
approximately 5 volts amplitude and 150-nse<.* 


pulse into 
50 ohms with 
delayed sync pulse 



duration to reset the inptit circuits of a follow¬ 
ing pulse generator. (See oscillogram above.) 

STABILITY 

PHF and pulse-duration jitter are dependent 
on powder-supply ripple and regulation. 

a. With Type 1201 Power Supply (recom¬ 
mended), input terminals short^ircuited, 

PRF .fitter 0.01% 

Pulse-Duration Jitter 0.01% 

b. With Type 1203 Power Supply 

PRF Jitter 0.05% 

Pulse-Duration Jitter 0.05% 

POWER REQUIRED 

300 V at .55 ma, fi.3 v at 3 amp. Type 1203-B 
Unit Power .Supply or Type 1201-R Unit 
Regulated Pow'cr Supply is re<‘ommended. 

DIMENSIONS 

Width 91^, height depth ti^ inches 

(240 by 150 by 105 mm), over-all. 

NET WEIGHT 

4^ pounds (2.1 kg). 


7’f/pe Code IVord Price 

1217-B Unit Pulse Generator ~ . . . . | AMASS j $250.00 


AUTOMATIC MEASUREMENT OF 
PHONOGRAPH REPRODUCERS 


By B. B. BAUER, Vice President 
CBS Laboratories, Stamford, Connecticut^ 


.\niong the latest of manual proce- 
dtire.«; to yield to automation is the 
mpa.surement of phonograph reproducer 
characteri.stics. This is made po.ssible by 
development of the new CBS Labora- 
t oriels Type STR 100 Stereophonir Fre¬ 
quency Test Record, which i.s adapted 
for u.se with rieneral Radio Type 1521-A 
Graphic Level Recorder. 


A stereophonic record contains two 
related pr()g:ram channels which are 
identified with orthogonal modulations 
of the walls of a .single groove. The left 
channel corre.sponds to the inner groove 
wall, the one closest to the center, and 
the right channel to the outer groove 
wall (away from the center). The positive 
directions of the.se modulations are at 
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-1-45® and —45® to the record surface, 
respectively (Figiin* I). The pickup luis a 
sin|?le stylus acting on a pair of trans¬ 
ducers, arranged in an orthogonal fash¬ 
ion and intended to generate indc'pend- 
ent voltug(*s when driven by the re- 
sp(»ctive groove-wall modulations (Fig¬ 
ure 2). The voltages Ci and Cr generated 
in the transducers drive two ainplifiers 
and loudspeakers to reproduce the re¬ 
corded informat U)ti. 

The only feasible way of testing the 
fx^rformance of a phonograph pickup is 
by use of a fn*(|ueiicy-test n‘cord, on 
which tones have lK*en reconled at 
various frequencies. Stereophonic 
frequency-le.st lecords have s<*pa**ate 
recordings for the l(*ft and the right 
channels. The respoii.si? vs fnM|uency of 
any given pickup channel prodmed by 
the corn*sponding record chaniad is 
known as ‘'respons«^-fre(|uency charac¬ 
teristic'’ or simply “n^sponse” of the 
channel on the particular r(*cord. I’he 
response from the op|M>.‘<ite (‘hannel is 
known as *‘cro.sstalk-fiXM|uency charac¬ 
teristic” or simply “cro.sstalk.” The 
customary units for 1x4h characteristics 
are db r<* I volt rms. The dilTerence at 
any one fnxpiency (or average over a 
group of fn»queiicii's) tK'twe<Mi res|K>nse 
and crosstalk is known as “channel 
s<‘paration,” expre.ss<*d in db. 



Figuro 1. **Pi«*' r«pre<enlation of o storoophonic 
racord portraying modulation ostociotod with loft 
chonnol, right channel, and combined left and 
right channels. 

The STK 100 record has a fn»(|uency 
sweep band for each cluinnel, and ibs 
frequency varies logarilhmically with 
timi% at a rat<* of 1 decade (‘ach 24 
.'XHHtnds. I'his corn»sponds to a chart 
s|X‘ed on the (leneral Radio I'ypE 
152l-.\ (Iraphic 1^'vel He<*order of 
thirty -inches |X‘r minute. The sweep 
band starts \\'ith a UXKbcycle lone of 
sufficient duration to p(*rmit the* r(»- 
corder p<»n to be set to the 10 c[)s ordi- 
nat(* and the recording level to be ad¬ 
justed to a convenient value. r|K)n 
ces.‘«titioii of the l(KK)-cycle lone th«* frt‘- 
(piency drops immediately to 40 cps and 
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Figure 3. Automatically plotted response of typical high.grade magnetic pickup. Upper 
curve Is direct response of one channel; lower curve is crosstolk from other channel. 


thou coiitiiiuously to 20,(KM) rps in 
21 log (20,(KH) 40) = (>4.8 .crouds. Noxt, 
an int<*rval is allowed for the o|M»rator to 
re.s<*( th<* rf*eonler chart hack to the 40 
cps ordinate. Then, the right-channel 
1-kc tone is heard, lx*ing followed hy the 
right-channel sweep. If one channel of a 
pickup under test is connected to the 
recorder (through a suitahli* ainplifi(T), 
then (h(‘ r(‘spon.se-fre(|uency and the 
crosslalk-fn*(|uency characteristics for 
the particular channel will Ih' succe.s- 
sivtdy re(*orded. A typical .set of curves 
for a magnetic phonogniph pickup is 
.shown in Figure 3. Twf» such sets, one 
for each chann<4, are n*(|uin*d to de- 
scriU* the |K*rfonnance of the pickup. 

l*r(‘vit)U.s|y available test lYM’ords us<*d 
spot-freepuaicy tones not adapted for 
automatic recording. The S4'K 100 
reconl al.so has such fi.\ed-fre(|U(Micy 
tones for the left and right chann(‘ls, hiit 
each tone is pn*cf‘defl hy a voice an¬ 
nouncement of fn'C|uency, so that there' 
is no doubt as to which tone is In'ing 
played. The result.sof the sp(»t-free|uency 
^ te.sts are siiuilar to tho.s' obtained with 
the swf'cp-freepiency bands, but the 


proce.ss is far more lalxirious. and the 
information In'tween the spot-freepiency 
teines is ne)t re*ve*aleel. A .systeun that ap- 
ix'ars flat whe*n measure*el with sp<»t- 
fnapiencies often has n'.sonant jK'aks or 
dips in Ix'twcH'ii the .s|)e)t fre*e|uencie's. 

The s|K)t-fn*e|uene'y banels in the STK 
UK) iTceml above ofM) cps we're e'Ut with 
the .same ree’e)reler seUup as we*re* the 
swe'ep-tone banels. 'Fliis fieTinitte'd an 
ab.se)lute calibration <»f the* sw(*ep-lone‘ 
banels by me'a.sun*me'nt of the .sj)ot- 
fre'e|uene‘y banels with niicrosro|K' and by 
eliflfraeM ion-of-light pat terns.* 

Test Record Characteristics 

As indicate'd above, the reprodue'ing 
charae'teristics of a 'pickup e»r sy.ste'in 
uiieleT te.st are refe‘rre*d to the charae*- 
teri.stic.s ejf a particuhir te.st ree'eirel. 
'Fhe'.se may l>e ele*liiied in terms of di.s- 
placement or vele)e‘ity eif groeive modu- 
latiem. 

For constant-ciisplacement na’ording, 
a di.splacement-rt's[)onsive (pieze>-e*le'e*- 

Stnndnrds Rfrurdinu find kejmMiurinu- 
Mfthtida of ('nlUtmtion of Merhanicnlly HocorHed 
Frti/uenry Recurdu, liwtttut«* of Hiulio l!nKin(<<>r». 1 Fjifrt 
7»th Strwt, X.Y. 21. .\.Y. 
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trie) pickup will produce a constant 
output at all fn'(|ucncie.s, while a voloc- 
ity-rfs|)on8ive pi(‘kup (magnetic, mov¬ 
ing coil) will pnaluce an output dirc'ctly 
proportional to frequency. On the other 
hand, a constant-vekHity recording will 
produce a constant output with a veloc- 
ity-res|)oiisivc pickup, and an output 
invers<iy proportional to frequency with 
a displacement-resiKUisive pickup. 

The STR 1(K) record luis a const an t- 
displaceracnt modulation up to 500 eps 
and constant-velocity modulation alwve 
500 cps. This explains the response* of a 
magnetic pickup in Figure 3, which is a 
rising stmight-line in dh vs log friMiuency 
at (i (lb p(*r octave Ih*1ow 500 cps and 
constant alxive 5(X) cps. The deviation 
of re.spon.se from two straight lines de¬ 
notes the departure of the pickup from 
id(*al |>erforman(!e. The crosstalk curv'c, 
w hich is 20 to 30 db 1h*1ow' the principal 
channel output, is typical of the channel 
s(*paration that may be expected in 
pre.s<*nt-day high-grade pickups. 

Similar measurc*ment8 can readily be 
perfonned on displacement-re.sponsive 
pickups if the generated voltage is 
di(Tert*ntiated by conne(*tion acro.ss the 


pickup terminals of a re.sif^tanee which is 
small compared to the capacitive re¬ 
actance of the pi(!kup. Usually a 10,(MK)- 
ohm resistor will suffii'c. The rc.spon.se- 
fr(*qucncy characteri.stic of an ideal 
piezo-electric pickup terminated in this 
manner is similar to that of a magnetic 
pickup. 

Testing Pickup Preamplifiers 

Modern 33}«^ rpm records are record(*d 
with a frequency chanicteristic that is a 
eom|x».site of several constant-displace¬ 
ment and con.stant-velocity segments 
as follows: 

Up to 50 cps — constant velocity. 

From 50 to 5(K) cp.s — constant di.s- 
pla(*ement. 

From 500 txi 2120 cps — constant 
velocity. 

Above 2120 cps — constant displace¬ 
ment. 

The transitions Ix'tween the.se .seg- ^ 

ments are not .sharply defined, but in¬ 
stead th(*y are blended together, in a 
manner defined by the RI.V.V.* The 
velocity (db)-v.s-frequency cliaracter- 

*.SIun«i>ini Rrtittiiintf nnH HeproHudna Cht^mcirriMir, 
l(t*<^>r«J In<liMint« AiwiK'tutioo of .Aiuerica Inc.. 1 llaai 
.S7ih .Sfrtwt. X.V. 22. \.Y. 
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^ istic which is ol)tai!io<i is shown in 
Fij^un? 4. 

When the pickup is a true* vclocity- 
resixnisive device, it follows that the 
pickup pn'amplilior should have an in¬ 
verse HIAA characteristic. This char¬ 
acteristic of the pnwunplKier is most 
conveniently verified by the inscTtion 
of an HI A A g(‘nenitor lictwork In'tween 
the oscillator and the amplifier under 
test. One such luMwork is shown in 
Figure* 4. If the measured response is 
uniform with fre<|uency, then the pre¬ 
amplifier is pro|K'rly designed for repro¬ 
ducing records with a magiu'tic pickup. 
A Tyce 1521-A Recorder and Typk 
1304-R Heat-Free pie I icy Audio CJenera- 
tor can be advantageously us(*d in this 
test. 

Over-all Measurements of Response 
Characteristics 

^ The STK 1()() n‘cord and the Type 
1521-A Recorder can also Ik? used to 
measure the over-all res|K)n.s«‘-fre(piency 
characteri.stics of a playback .sy.stem 
n*gardle.ss of the tyja* of t)i(‘kup or ampli- 
fic‘r employed. The ideal res|K)nse- 
frt‘(pu*ncy characteristic of a projK'rly 
adjust(*d repnaluction system playing 
an STR 100 lecord will lx? simply the 
difTercnce Ix'twoen the rcsponsc-frc- 


Ideal System Response —> RIAA Equalized 


Frequency 

db 

Frequency 

db 

l,(HK) 

0 

StM) 

4-0.7 

20.<K)n 

— 10.5 

0(M) 

4-1.8 

18,000 

—18.8 

500 

4-2.0 

It).(KK) 

— 17.7 

KM) 

+ 1.0 

H,(XK) 

-10.0 

m) 

+ 1.1 

r2,0(Kl 

-15.3 

2tX) 

+0.2 

lO.tXM) 

13.7 

150 

—0.0 

S.tXX) 

— 11.0 

KM) 

-0.0 

O.(MM) 

—0.0 

SO 

—1.3 

5.(H)0 

-8.2 

r.0 

—2.3 

4.(M)0 

—0.0 

50 

—3.0 

3,(X)0 

-4.8 

40 

—1.2 

2.(X)0 1 

1 —2.0 

30 

-5.8 

i.rxK) 

1 

25 

—7.0 

l.tKXl ! 

0 

20 

— 8.0 


quency chanicteri.stic of the record and 
the RIAA characteri.stic shown in Figure 
4. iSubtracting these two ri'siilts in the 
set of values in the accompanying 
table. 

Tone-Arm-Resonance Test 

To test resonance of tone arms, loud¬ 
speakers, etc., the STR 100 r(*ct)rd pro¬ 
vides sweep-tone bands, left and right, 
from 200 to 10 cps. These art* syn- 
chronizt‘d also to the Type 1521-A 
Recorder. The recorder must lx* 8t?t to 
operate in reverse, as the swe(*p tone 
begins at 200 cps and the frecpiency 
decreases during the glide. 

Automatic-Start Circuit 

The 1000-cycle tones at t he beginning 
of each glide st*rve not only for l(‘vel 
adjustment, but also for keying an auto¬ 
matic-start circuit for the record(*r. This 
circuit, dcvelopc*d by Messrs. A. 
Schwartz and .\. (lust of CRS I^ibora- 
tories, is .shoN\m in Figure* 5. 

The I(XK)-( yclc k(*ying tone pr(*ceding 
the sweep initiates the cycle. .Ml r(*lays 
are initmlly de-energized as shown in the 
schematic diagram. lA‘ft and right chan¬ 
nel inputs are combined in the cathode 
of V’/ insuring that the keying tone will 
be present for cither direct or crosstalk 
mea,surements. 'Fhe cathode follower 
output is fed to the high gain ampli¬ 
fier through a high-f,) LC KKJO-cycle 
filter allowing only KMM) cp.s to fe(*d 
through. Following this stage is a cath¬ 
ode follower V3 employeil as a pow(‘r 
amplifier to drive a sensitive relay A'/ 
(Elgin Advance) after rectification by 
the two 1X2482 diodes. A Zener dicKle 
and clipping-range control j)revent high 
signal levels from overheating the si*n.si- 
tivc relay. 

With K1 cnergizc*d, n*lay KS is en- 
ergizc'd and locks it.self across tht* |X)wer 
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supply through rontact 1. At the cossa- 
lioii of the keying tone, Kl is de¬ 
energized - therel)y actuating KS, 
which starts the rc'corder motor at the 
instant the sweep begins. At the termi¬ 
nation of the sweep band, the reset 
switch is manually set at hkset momen¬ 
tarily to de-<'nergize and the circuit 
is then ready for the next sweep. 

Economics of Automation 

'riu* economic value of automation in 
testing pfionograph reproducers de- 
s<‘rves partii’ular mention. The develop¬ 
ment of a phonograph pickup or com¬ 
plete player involves considerable ex- 
IK‘rimental work in which the device 
under test is modi tied by successive re¬ 
arrangement or modification of com¬ 
ponents until the d(‘sired performance is 
obtained. Each modification is followed 


by response and separation tests. Spot- 
fref|ueney tests re(|uire the better part 
of one hour. It has been estimated that 
one-third to one-half the manpower 
used in pickup and phonograph develop¬ 
ment is expended in this tedious en¬ 
deavor. Delegating thes(» nu'asurements 
to an automatic de\dce which does not 
mind tc'dium and makes no errf»r re¬ 
leases trained manpower for more crea¬ 
tive tasks and saves thousands of dollars 
annually. In one instance, changing 
from manual to automatic recording has 
l)oen shown to save t he cost of a recorder 
in a single month, and the cost of the 
new record in a single test. 

Use by Audiophiles 

While the STR 100 record has l>een 
de.rigned especially f<»r tla* professional 
user, the requirements of the audiophiles 
have also been kept in mind. Com|)lete 
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^ instructionfj are included with each 

re<‘ord for testing frccjuency range of the 
n*pr(Klucing system, channel s4‘paration, 
pickup compliance and tracking, tone- 
arm resonance and stylus wear. 


The STR 100 record is priced at S8.50 
and can lx? obtained from CBS Lidiora- 
tories, Stamford, Connecticut, or from 
Columbia Records distributors and deal¬ 
ers. 


MORE TALENTS, NEW DRESS, FOR THE 
OUTPUT POWER METER 


In the nearly thirty years sin(*e its 
first annoiiiiceinent, the General Radio 
Type 583-A Output Power Meter has 
s(*rvo(l as a work-horse of the audio- 
fn'quency industry. During this time, 
significant advances in material and 
techni<|ues Imve made pos.'^ible its re- 
plai’cmeiit by a new in.'^tniment, based 
on the same genend theory, but im- 
^ proved in all re.'^pects. 

Both instruments are basically multi- 
tap|x*d audio-fref|uency transformers 
that, by transformation ratio, reflect an 
e.s.s(Mitially fixed s(*condary load as a 
variable primary impedance. They difTer, 
however, in .scn*eral re.s|X'cts, which 
make possible th(» new instrument's 
greater fn^quency, impedance, and power 


ranges and its improved accuracy on 
complex waveforms. 

The Type 583-.V used a inu-nietal core 
to secure high initial permeability 
(nccc.ssary for impt»dan(^e accuracy at 
low power input), but was limiUMj to a 
5-watt ma.\imum input by the low 
saturation level of mu-metal. The Type 
1840-A secures high initial permeability 
through the use of grain-oriented silicon 
steel in a lamination specifically de.sigiu*d 
to take advantage of grain-orientation, 
and thereby in(Tea.scs it.s maximum in¬ 
put to 20 watts with but little increase 
in core size, since grain-oriented silicon- 
steel is a true “ixjwer’' material. 

The Type 583-A had ten secondary 
taps to yield ten impedance values 



Figure 1. Ponel view of fhe Output Power Meter. 
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spaced, approximately, at (tenth 

root of 10) intervals and hair-primary 
taps to provide multiplication by powers 
of 10(0.1. 1, 10. 100). This yielded forty 
im|M’dance values between 2.5 and 
20,000 ohms. Tlie Typk 1S40-A has .six 
si'condary taps to yield six impi'dance 
values, spaced, approximately, at v4 
(sixth root of 4) intervals. Note that the 
two intervals are comi)arable 

^4 ^ 1 . 20 . 

T1h‘ Tvi'k 1S40-A, however, has eight 
idcMitical primaries, each tapix'd to pro¬ 
vide a multipluT of 250 1, whi(‘h prima¬ 
ries are switched from all parallel to all 
seri(*s in four configurations, each con¬ 
figuration introducing a multiplier of 
4 1. The six secondary taps and four 
primary connections ar<‘ all controlled by 
a singl(‘ twenty-four position rotary 
switch yielding six tim(‘s four, or twenty- 
four, discrete impedance values. Tlie 
taps on all f*ight primaries an* switched, 
simultanefuisly, by the ohms-kilohms 
switch, 'rhe ohms range lies between 0.0 
ami 12S oluus, 'Fhe kilohms range multi¬ 
plies these values by 250, to yield 0.15 to 
32 kilohms. Th<‘ net result of all these 
sh(‘nannigans is more efhiae.nt u.se of tlu* 
transformer winding.s. While, in the 


older instrument, up to forty |)ercent of 
the input power was dissipated in the 
windings, in the new model it is reduced 
to less than eight pendent. This fivefold 
decrease in winding dissipation so re¬ 
duces the winding’s contribution to in¬ 
put imp<‘dance that all Type 1810-A’s 
uav th(* same accurate resistors in con¬ 
trast to the hand-tailori*d resistors re¬ 
quired for each Type 5S3-.\. 

A further ailvantage of primary 
switching is apparent in the improved 
freijuency res|)on.se. Since all luimaries 
are always active, and are interleaved 
with the secondary windings in two pi’s, 
an octave improvement in both high and 
low frequenc}' response* has Is'eii 
achieved. 

The quasi-rms meter in the Type 
1840-.\ tolerati's .second and third har¬ 
monics up to 20% in the signal without 
departure from a true rms indication. 
The new (Jeneral Radio rack-b(‘nch- 
instrurnent cabinet ])rovi<les conven¬ 
ience, access and an adjustable tilt for 
eas}^ reading, 

A T-network attenuator. de.scril)ed in 
the* instruction book, permits extension 
of the power level to 200 watts for any 
particular impedance setting. 

— Gilheiit Smiley 


SPECIFICATIONS 


Power Range: 0.1 milliwatt to 20 w.'itl.s. 
.Auxiliary rib Hc.ali* rrails fnuii —15 to 4--I3 (lb 
n* 1 iniHi\v:iil 

Power Accuracy: .Maximum error in full-seale 
powJT itidieation (loe> not oxecetl 0..5 iil> from 
50 to 10,000 ffi.s; ilofM not exceed 1,5 (lb from 
20 to 20.000 c|>M. 

Impedance Ronge: 0.0 ohm to 32 kilohms in two 
rjinKt*-^: yicldini; 48 individual impedancf*s 
ppa(*(H| \ 1 .apart. 

Impedance Accuracy: .Maximum error docs not 
cxctK'd 5' ( from 100 to 10,000 cps or dt 50% 
from 20 to 30,fK)0 cps. 

Tfjpc 


Wo velar m Errar: \ qua.si-rm.s met(*r is used which 
will indi(*atc true rrn.s with ns much as 20% 
se('ond and third harmonics. 

Cobinei: Hack-b(*nch in.strument cabinet, 

aluminum panel, t’abinel has extension legs to 
>ermit instrument tol»e us(*flina tilted po.^ition. 
’anel (‘xteri.sions arc available for relay-rack 
mounting. 

Dimensians: Panel, width 12, height 3t^j inches 
(305 by SO mm); depth behind panel, inch(*s 
(170 mm). 

Net Weight: 10?4 pounds (4.0 kg). 


Cotlr Word 


Price 


$210.00 


1840.A 


Output Pawer Meter . 
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THE MEASUREMENT OF THE BALLISTICS OF 
INDICATING INSTRUMENTS 


T\\v ballistic clmractcristicsof moving- 
coil clcctriciil iiidicntiiig iiistruiiiciil.s arc 
iin|M»rtaiit in many applications, for 
example, in \ V meters, sonnd-iovel 
meters, and naKlulation monitors. 'Fhey 
e^in Ik* imi()uely defined in terms of (1) 
dc resistant', (2) time to first ris<* to a 
sp<*eifi«*4i fMiint, when enerRiz<*(i from a 
high-imiM'dance source, (3) overshoot, 
and (1) time to fall from one point to 
anoth(*r with the instrument terminals 
.short-circuited. 

Stroboscopic light offers a means of 
deterniiiiing (2), (3), and (4), while (1) 
is easily me;usun*d by a conventional 
bridge. f)ne methcKi of measun*ment 
pn‘viously de.s<*rilH*d‘ use<l a continuou.s- 
film (*amer,i in conjunction with a 
st robo.'icojx*. 



A new techni(|ue of m(‘asureinent, 
perinilling direct ob.servation,* has Ikhmi 
made pos.sible by the .short, high- 
intensity flash of the General Hadio 
'rvi'K I531-A StrolMitac'®' Electronic 
.StrolK»sco|)e. Figure 1 is a block diagram 
of the te.st sedup. The nece>wary time 

***.\ \otr uii Ihe MwUfUrpiiMfOt of .Sliced*,*’ Grnfrnt 

Uiulitt Kfj»rr%m^lrr, II), fi, NovmiibiT. lOJW. 

*U. (,». KulUn rnirl II. C. Ijttlcjobn, *‘.\ Direct ObM>rvntiuD 
of Ini»tniiiiciit HaUMio.” .\IKK Poikt No. (’Pll2-37l), 
nrrN<*nti*«l at tin* AIKK Winter (General .Mvt^iins. N. Y„ 
N. Y.. JanuAry 28 - February 2, 19C2. 


delay.s Hi*e .sup])lied by two Typk 1217-B 
I'nit I^lls4• (lenc*rators. 

'rhe electlical indicating in.strument 
i.s eiK'rgized .simultaneou.sly with the 
triggering of one pul.se generator. The 
pul.'^e gcuierator fires the Strolnitac at a 
time later than the initial event deter¬ 
mined by the setting of the pul.sedliira- 
tion dial. The (xunter is si'en by a single, 
iiucro.s4*cond fla.sh of light from the 
stroboscope* after the pointer ha.s moved 
for tlu* l(*ngth of lime that the strobo- 
sco|K* firing impul.si* was delayed. A 
series of such ob.servations at different 
delay times will pn»vide data for plots 
such as that in Figun* 2. The details of 
the initial acifleration, the rate of ri.sc* 
and the overshiMit with its decaying 
o.M'illation are readily appar(*nt. The 
ballistic parameters of the in.strument 
inc'chanism can Ik* derived by analy.sis 
of curves plotted by thi.s method. 

Froiluction (piality eontrol i.s an im- 
IKirtant list* of this delay-genera tor¬ 
si rolK».s<'ope techniiiue. For our own in¬ 
strument .spf*eifieat ions we have defineil 
IT'S* time as “the time, in .senmds, for the 
|)ointer first to n*a<*h O.lf, rt a s|>ecified 
tolerance, of the* !‘nd .scale when eon.stant 



Figure 2. Plot of mefor doRoction vt time from doto 
token with the test system of Figure 1. 
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cloctric power is suddenly applied from a 
liigh impt'daiiee souree”; likewise, fall 
time as “the time, in seironds, for the 
pciinter to r«*aeh 0.1, it a speeified toler¬ 
ance, of end .si’ale from a steady end- 
scale deflection when the in.strument is 
short circuited. 

For prcxluction testiiif; two delay 
generators are used, one energized when 
the electrical instrument is energized and 
tlie other when the electrical instrument 
Is .sliort circuit<‘d. One genenitor is .set 
to the .specified rise time, the other to the 
sjx»cifie<l fall time. An oix'rator then 

*Drf)nition» to hr inrurporatrd in rrvMion of 

A.S \ Amrnirfii* Slniulttrii hettHtrrmtnU for Ein triaU 

Mtitsurino tnrtrumrnU, 


simply plaee.s the instniment to l)c ^ 
tested in a fi.xture, wliich make.s the con¬ 
nections and i I idicate.s the .spread allowed 
in rise-time deflection and fall-time de¬ 
flection. By the flipping of a switch once 
for rise time and again for fall time the 
inspection is completed. 

Our .system of direct ol)ser\'ation of 
instrument l>alli.sties will .s(»r\T the re¬ 
search engiiuvr and the (piality-control 
man alike. 

— H. C. Littlejohn* 

CREDITS 

Tlibi mcthcxl of test waj? (levflojMHl Lv It. O. 

Fulkfl, A. E. Stiiidvrson, micJ 11. C. Littlejohn. 

— Lumjii 


QUANTITY DISCOUNTS FOR 
COAXIAL CONNECTORS AND ADAPTORS 


Prices of Type 874 .\daptors ILsted in 
the table on p:ige 10 of the Octolx^r, HMil, 
ExperimvnUr arc subject to dome.stic 
quantity discounts as listed Inflow. 

This .schedule also applies to quanti¬ 


ties of 10 to 01) of the connectors listed in 
the table on page 0 of the same i.ssue. 
Quantity Discount 

10—19 5% 

20 — 09 10% 

100 and over 15% 


The General Radio EXPERIMENTER is mailed without charge each month to engineers, 
scientists, technicians, and others interested in electronic techniques in measurement. 
When sending requests for subscriptions and address-change notices, please 
supply the fallowing information: name, company address, type of business company 
is engaged in, and title or position of individual. 


General Radio Company 
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